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Resumo2VRORpRPDLRUUHVHUYDWyULRGH&DUERQRWHUUHVWUHHHVWiGLUHWDPHQWHOLJDGRDRFLFORGHVWHHOHPHQWR
'HVWDIRUPDGHVHPSHQKDXPSDSHOIXQGDPHQWDOQDVTXHVW}HVOLJDGDVjVPXGDQoDVFOLPiWLFDJOREDLV$WXDOPHQWH
SDUDTXDQWL¿FDomRGH&DUERQRDVWpFQLFDVXWLOL]DGDVVmRWUDEDOKRVDVHRXWHPDOWRFXVWR9LVDQGRGLPLQXLURFXVWR
GDVDQiOLVHVXWLOL]RXVHXPVLVWHPD/,%6Laser Induced Breakdown Spectroscopy) para desenvolver modelos de 
FDOLEUDomRSDUDDTXDQWL¿FDomRGHFDUERQRHPDPRVWUDVGHVRORV3DUDWDODVDPRVWUDVIRUDPVHSDUDGDVHP
WH[WXUDVDUJLORVDVHDUHQRVDV)RUDPJHUDGRVGRLVPRGHORVGHFDOLEUDomRRQGHDPERVDGRWDUDPFRPRUHIHUrQFLD
RVYDORUHVGHFDUERQRGHWHUPLQDGRVSRUDQiOLVHHOHPHQWDU &+162SULPHLURPRGHOR IRLJHUDGRDWUDYpVGH
XPD UHJUHVVmR OLQHDU VLPSOHV XWLOL]DQGR D OLQKDGH HPLVVmRGR&DUERQR HPQP FRUULJLQGRD SRU XPD
OLQKDGH$OXPtQLRSUy[LPDQPGHPRGRDHOLPLQDULQWHUIHUrQFLDV8WLOL]RXVHGRWRWDOGHDPRVWUDV
SDUDFDOLEUDomRHSDUDYDOLGDomR2VFRH¿FLHQWHVGH3HDUVRQREWLGRVQDYDOLGDomRIRUDPGHHFRP
HUURPpGLRDEVROXWRUHODWLYR(0$5GHHSDUDWH[WXUDDUHQRVDHDUJLORVDUHVSHFWLYDPHQWH2VHJXQGR
PRGHORGHFDOLEUDomRIRLFRQVWUXtGRXWLOL]DQGRRHVSHFWURWRGRDWUDYpVGHXPPpWRGRGHUHJUHVVmRPXOWLYDULDGR
3/658WLOL]RXVHDYDOLGDomRFUX]DGDHRVFRH¿FLHQWHVGHFRUUHODomRGH3HDUVRQREWLGRVIRUDPGHH
FRP(0$5GH H SDUD WH[WXUDV DUHQRVDV H DUJLORVDV UHVSHFWLYDPHQWH(VWHV UHVXOWDGRVPRVWUDUDPR
JUDQGHSRWHQFLDOGDXWLOL]DomRGH/,%6SDUDPHGLGDVTXDQWLWDWLYDVGHFDUERQRHPVRORV
Palavras-chave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CALIBRATION MODELS FOR SOIL CARBON CONTENT USING LIBS
Abstract: 6RLO LV WKH ODUJHVW WHUUHVWULDOFDUERQSRRODQGLVGLUHFWO\ OLQNHGWR WKLVHOHPHQWF\FOH7KXVSOD\VDQ
LPSRUWDQW UROHRQ LVVXHV UHODWHG WRJOREDO FOLPDWH FKDQJH&XUUHQWO\PRVW RI FDUERQTXDQWL¿FDWLRQ WHFKQLTXHV
XVHGDUHODERULRXVDQGRUKDYHKLJKFRVW7RGHFUHDVHWKHFRVWRIWKHDQDO\]HVD/,%6Laser Induced Breakdown 
Spectroscopy)V\VWHPZDVXVHGWRGHYHORSFDOLEUDWLRQPRGHOVIRUTXDQWLI\LQJFDUERQLQVRLOVDPSOHV)RUWKLV
WKHVDPSOHVZHUHVHSDUDWHGLQWRFOD\DQGVDQG\WH[WXUHV7ZRFDOLEUDWLRQPRGHOVZHUHREWDLQHGERWKZLWKFDUERQ
DPRXQWVGHWHUPLQHGE\HOHPHQWDODQDO\VLV&+16DVUHIHUHQFH7KH¿UVWPRGHOZDVREWDLQHGE\VLPSOHOLQHDU
UHJUHVVLRQXVLQJWKHHPLVVLRQOLQHRIFDUERQLQQPFRUUHFWLQJLWE\DOXPLQXPOLQHQH[WQPLQ
RUGHUWRHOLPLQDWHLQWHUIHUHQFHV:HXVHGRIWKHVDPSOHVIRUFDOLEUDWLRQDQGIRUYDOLGDWLRQ7KH3HDUVRQ
FRHI¿FLHQWVREWDLQHGLQWKHYDOLGDWLRQZHUHDQGZLWKDPHDQDEVROXWHUHODWLYHHUURURIDQGIRU
VDQG\DQGORDP\WH[WXUHUHVSHFWLYHO\7KHVHFRQGFDOLEUDWLRQPRGHOZDVREWDLQHGXVLQJWKHZKROH/,%6VSHFWUXP
WKURXJKDPHWKRGRIPXOWLYDULDWHUHJUHVVLRQ3/65:HXVHGFURVVYDOLGDWLRQDQG3HDUVRQFRUUHODWLRQFRHI¿FLHQWV
REWDLQHGZHUH  DQG ZLWKPHDQ DEVROXWH UHODWLYH HUURU RI  DQG  IRU VDQG\ DQG FOD\ WH[WXUHV
UHVSHFWLYHO\5HVXOWVVKRZHGWKHJUHDWSRWHQWLDORIXVLQJ/,%6IRUTXDQWLWDWLYHPHDVXUHPHQWRIFDUERQLQVRLOV
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1. Introdução
2VRORSRGHDWXDUFRPRIRQWHRXGUHQRGHFDUERQRSDUDDWPRVIHUDDUPD]HQDQGRTXDVHWUrVYH]HVPDLV
FDUERQRTXHDPHVPD3RULVVRDTXDQWL¿FDomRGHFDUERQRGRVRORpDVVXQWRGHDFRUGRVLQWHUQDFLRQDLVUHODFLRQDGRV
jVPXGDQoDVFOLPiWLFDVJOREDLV3DUDWDLVTXDQWL¿FDo}HVpQHFHVViULRTXHRVPpWRGRVVHMDPH¿FLHQWHVRVX¿FLHQWH
SDUDRIHUHFHUPHOKRUHVHVWLPDWLYDVGRVLQYHQWiULRVWHUUHVWUHVGHFDUERQR*UDQGHVTXDQWLGDGHVGHUHVtGXRVTXt-
PLFRVVmRJHUDGDVTXDQGRVHID]QHFHVViULRXPHOHYDGRQ~PHURGHDPRVWUDVSDUDHVVDVTXDQWL¿FDo}HVDOpPGRV
PpWRGRVFOiVVLFRVVHUHPFDURVHGHPRUDGRV6(*1,1,HWDO
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$WXDOPHQWHRGHVHQYROYLPHQWRGHDOJXQVPpWRGRVDQDOtWLFRVWHPFRQVHJXLGRXQLUSUHFLVmRH[DWLGmRUD-
SLGH]SHTXHQDJHUDomRGHUHVtGXRVUHGX]LGRSUHSDURGHDPRVWUDHFXVWRDFHVVtYHOSDUDDDQiOLVHGHVRORVDOpPGD
SRVVLELOLGDGHGHVHWUDEDOKDUFRPHTXLSDPHQWRVSRUWiWHLVQRFDPSR(VVHpRFDVRGDWpFQLFDHVSHFWURVFySLFD/,%6
Laser Induced Breakdown SpectrocopyTXHYHPDSUHVHQWDQGRSRWHQFLDOGHVXSULUHVWHVLWHQV$WpFQLFD/,%6p
XPWLSRGHHVSHFWURVFRSLDGHHPLVVmRDW{PLFDTXHXWLOL]DXPSXOVRGHODVHUGHDOWDHQHUJLDSDUDVLPXOWDQHDPHQWH
SUHSDUDUDDPRVWUDHH[FLWDURViWRPRV8PDDQiOLVHTXDOLWDWLYDGRHVSHFWURGHHPLVVmRIRUQHFHXPD³LPSUHVVmR
GLJLWDO´GDDPRVWUDFRPUHODomRjVXDFRPSRVLomRHOHPHQWDU&RPHODpSRVVtYHODTXDQWL¿FDomRGHSUDWLFDPHQWH
WRGRVRVHOHPHQWRVGDWDEHODSHULyGLFDGLVSHQVDQGRSDUWHRXWRWDOSUHSDURGHDPRVWUDVRQGHDVPHGLGDVVmREDUD-
tas e rápidas com a disponibilidade de se realizar medidas in situDOpPGDSRVVLELOLGDGHGHPHGLGDVHPTXDOTXHU
WLSRGHPDWHULDOLQGHSHQGHQWHGHVHXHVWDGRItVLFRVyOLGROtTXLGRRXJDVRVR
$DEODomRQDVXSHUItFLHGDDPRVWUDFDXVDGDSHORSXOVRGRODVHUGHDOWDHQHUJLDRFRUUHGHPRGRDJHUDUXP
SODVPDRQGHVmRHQFRQWUDGDVHVSpFLHVL{QLFDVH[FLWDGDVHRXDW{PLFDVDVTXDLVUHWRUQDPDRHVWDGRIXQGDPHQWDO
HPLWLQGRUDGLDo}HVFDUDFWHUtVWLFDVTXHVmRPHGLGDVSHORVLVWHPDGHDTXLVLomRGHGDGRV$VLQWHQVLGDGHVGDVOLQKDV
GHHPLVVmRDW{PLFDSUHVHQWHVQRHVSHFWURHVWmRLQWLPDPHQWHUHODFLRQDGDVjPDWUL]SRLVDIRUPDomRGRSODVPD
RFRUUHQDVXSHUItFLHGDDPRVWUDRQGHpSRVVtYHOKDYHUÀXWXDomRQDWHPSHUDWXUDHGHQVLGDGHHOHWU{QLFDGRSODVPD
0,=,2/(.3$//(6&+,6&+(&+7(51HVWHFRQWH[WRPpWRGRVGHUHJUHVVmRPXOWLYDULDGRVWDLVFRPR
R3/65Partial Least Squares RegressSRGHPVHUXVDGRVFRPRIHUUDPHQWDVSDUDGLPLQXLURHIHLWRGHVVDVYDULD-
o}HVDFDGDSXOVR)(55(,5$HWDO
2REMHWLYRGRWUDEDOKRIRLDFRQVWUXomRGHPRGHORVGHFDOLEUDomRXWLOL]DQGRDUHJUHVVmROLQHDUVLPSOHVH
RPpWRGR3/65SDUDDGHWHUPLQDomRGHFDUERQRDWUDYpVWpFQLFD/,%6
2. Materiais e Métodos
$VDPRVWUDVVmRSURYHQLHQWHVGH6mR&DUORV63HVmRGLYLGDVHPGRLVVLVWHPDVGHSDVWDJHPHXPDiUHD
GHPDWDQDWLYD2SULPHLUR$pXPVLVWHPDGHSDVWDJHPHPUHFXSHUDomRHDSUHVHQWDWH[WXUDDUJLORVD2VHJXQGR
$FRUUHVSRQGHDXPVLVWHPDGHJUDGDGRHRWHUFHLURDPDWDQDWLYD07VHQGRHVWHVGRLV~OWLPRVDSUHVHQWDQGR
WH[WXUDDUHQRVD(PFDGDXPDGDVWUrViUHDVIRUDPDEHUWDVWULQFKHLUDVHDVDPRVWUDVIRUDPFROHWDGDVHPRLWR
GLIHUHQWHVSURIXQGLGDGHVGHDFP7RWDOL]DQGRDPRVWUDVDPRVWUDVSRUiUHD
2VVRORVIRUDPVHFRVjWHPSHUDWXUDDPELHQWH$SyVIRLUHDOL]DGDDUHPRomRGHUDt]HVHUHVWRVYHJHWDLV
SRUFDWDomRVHJXLGRSRUKRPRJHQHL]DomRGRVROR(VWHIRLWULWXUDGRSHQHLUDGRDPPPHVK
3DUDDVGHWHUPLQDo}HVGHFDUERQRXWLOL]RXVHXPHTXLSDPHQWRGHDQDOLVHHOHPHQWDU&+16DVVXPLQ-
GRVHHVVDFRPRWpFQLFDGHUHIHUrQFLD-iSDUDDVDQiOLVHVHVSHFWURVFySLFDVDVDPRVWUDVGHVRORVPRtGDVIRUDP
SUHQVDGDVHPSDVWLOKDVWRQD¿PGHIDFLOLWDUDFRORFDomRGDVPHVPDVQRVLVWHPDXWLOL]DGRSDUDDDQiOLVHSD-
GURQL]DQGRDIRUPDItVLFDGDVDPRVWUDV
)RL XWLOL]DGR XP VLVWHPD /,%6 GD 2FHDQ 2SWLFV PRGHOR /,%6SOXV HTXLSDGR FRP XP ODVHU GH
1G<$*SXOVDGR4VZLWFKHGRSHUDQGRHPP-GHHQHUJLDFRPGXUDomRGHSXOVRGHQVGLkPHWURGRIHL[HGR
ODVHUGHPPDSUR[LPDGDPHQWHWD[DGHUHSHWLomRGH+]GHWHFWRU&&'&KDUJH&RXSOHG'HYLFHGH
SL[HOVFREHUWXUDGDIDL[DHVSHFWUDOGHQPHUHVROXomRySWLFDSUy[LPDGHQPFRPWHPSRGHDWUDVR
GHOD\WLPHGH+VHQWUHRSXOVRGRODVHUHRLQtFLRGDDTXLVLomRGRHVSHFWURHVWDpUHDOL]DGDGXUDQWHPV3DUD
FDGDDPRVWUDIRUDPXWLOL]DGDVSDVWLOKDVSDUDVDVDQiOLVHVVHQGRDGTXLULGRVHVSHFWURVSRUIDFHWRWDOL]DQGR
HVSHFWURVSRUDPRVWUD
$IRUPDomRGRSODVPDHP/,%6HGHFRUUHQWHGDLQWHUDomRGDUDGLDomRFRPDVXSHUItFLHGRPDWHULDODVHU
DQDOLVDGRSRUWDQWRGHSHQGHGDPDWUL]GDDPRVWUD1HVWHFRQWH[WRRSWRXVHSRUFRQVWUXLUPRGHORVGHFDOLEUDomR
SDUDFDGDWLSRGHWH[WXUDGRH[SHULPHQWRHPTXHVWmR2XVHMDRVPRGHORVIRUDPGLYLGLGRVHPVRORVFRPWH[WXUD
DUHQRVD$H07HWH[WXUDVDUJLORVDV$
2VPRGHORVGHFDOLEUDomRIRUDPJHUDGRVGHGXDVIRUPDVGLIHUHQWHVDSULPHLUDGHODVXWLOL]DQGRDSHQDV
XPDOLQKDGHHPLVVmRGR&DUERQRHUHDOL]DQGRXPDUHJUHVVmROLQHDUVLPSOHV-iDVHJXQGDXWLOL]RXVHGHWRGRR
HVSHFWURFRPRHQWUDGDRPRGHORIRLHQWmRJHUDGRDSDUWLUGRPpWRGR3/65:2/'HWDO(VWHpXPPp-
WRGROLQHDUHVWDWtVWLFRPXOWLYDULDGRTXHDFKDDPHOKRUFRPELQDomRGDVYDULiYHLVGHSUHGLomRGHPRGRDHQFRQWUDU
DVYDULiYHLVGHUHVSRVWDRXVHMDHVWHGHWHUPLQDXPQRYRFRQMXQWRGHYDULiYHLVRQGHQRTXDODYDULDomRHPi[LPD
(VWHPpWRGRpPXLWR~WLOTXDQGRH[LVWHPYDULiYHLVGHSUHGLomRFRUUHODFLRQDGDVHRQ~PHURGHVWDVYDULiYHLVpPXL-
WRPDLRUGRTXHRQ~PHURGHYDULiYHLVUHVSRVWD
3. Resultados e Discussão
$OLQKDGHHPLVVmRGH&DUERQRVHOHFLRQDGDSDUDDQiOLVHIRLR&,HPQPHQWUHWDQWRLQIHULPRV
TXHHVWDVRIUHLQWHUIHUrQFLDHVSHFWUDOGH$O,,L{QLFRHPQP$O,DW{PLFRHPQPH
QP(VVDVOLQKDVGHHPLVVmRGRDOXPtQLRQmRVmREHPUHVROYLGDVSRUFRQWDGDUHVROXomRGRHVSHFWU{PHWUR)LJXUD

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)LJXUD(VSHFWURV/,%6WtSLFRPRVWUDQGRDVOLQKDV&,H$O,
$¿PGHJHUDURPRGHORGHFDOLEUDomRFRPWDOOLQKDGHHPLVVmRGR&DUERQRIRLUHDOL]DGDXPDFRUUHomR
HVSHFWUDOFRUUHomRGRRIIVHWRQGHIRUDPVXEWUDtGRVGHFDGDVLQDORRIIVHWHOHWU{QLFRGRHVSHFWU{PHWURHDOLQKD
GHEDVHHVWDIRLJHUDGDDSDUWLUGHXPDUHWDWUDoDGDSHORVSRQWRVDQWHVHDSyVRSLFR'HVWHPRGRRVHVSHFWURV
¿FDUDPSDGURQL]DGRVHDSWRVDVHUHPDQDOLVDGRV
&RPRLQWXLWRGHH[WUDLUDLQWHUIHUrQFLDGRGXSOHWRGH$O,VREUHDOLQKDGH&,DLQWHQVLGDGHGDOLQKD
$O,HPQPIRLXWLOL]DGDSDUDQRUPDOL]DomRGDLQWHQVLGDGHGDOLQKDGHHPLVVmRGH&,RXVHMDRVYDORUHV
GDVUD]}HV,  ,(VVDVUD]}HVIRUDPFRUUHODFLRQDGDVFRPYDORUHVGH&SUHYLDPHQWHGHWHUPLQDGDVYLD&+16
2VFRQMXQWRVIRUDPVHSDUDGRVDOHDWRULDPHQWHHPWUrVSDUWHV'RLVWHUoRVIRUDPXWLOL]DGRVSDUDJHUDomR
GDVFXUYDVGHFDOLEUDomRHVWDVIRUDPDMXVWDGDVDWUDYpVGRPpWRGRGHPtQLPRVTXDGUDGRVHPUHODomRjWpFQLFDGH
UHIHUrQFLDWHQGRFRPRSUHGLWRUDOLQKDGH&,QRUPDOL]DGDSHODOLQKDGH$O,2VFRH¿FLHQWHVGHFRUUHODomRGH
3HDUVRQ5SDUDFDGDPRGHORFRQVWUXtGRIRUDPGHHSDUDWH[WXUDVDUJLORVDVDUHQRVDVHWRGDVMXQWDV
UHVSHFWLYDPHQWH
1D)LJXUDVmRPRVWUDGRVRVJUi¿FRVGHYDOLGDomRFRUUHODFLRQDQGRRVYDORUHVSUHGLWRVGHFDUERQRSRU
/,%6HRVYDORUHVGHUHIHUrQFLDSRU&+1EHPFRPRRVFRH¿FLHQWHV5HRHUURPpGLRDEVROXWRUHODWLYR(0$5
3DUDDVYDOLGDo}HVIRUDPXWLOL]DGDVDVDPRVWUDVTXHQmRIRUDPXWLOL]DGDVSDUDDFRQVWUXomRGDFXUYDGHFDOLEUDomR
)LJXUD&XUYDVGHYDOLGDomRGRVPRGHORVGHUHJUHVVmROLQHDUVHSDUDGRVSRUGLIHUHQWHVWH[WXUDV
1D)LJXUDVmRPRVWUDGRVRVJUi¿FRVGHYDOLGDomRFUX]DGDJHUDGRVDSDUWLUGRPpWRGR3/65FRUUHODFLR-
QDQGRRVYDORUHVSUHGLWRVGHFDUERQRSRU/,%6HRVYDORUHVGHUHIHUrQFLDSRU&+1EHPFRPRRVFRH¿FLHQWHV5
HR(0$5
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)LJXUD&XUYDVGHYDOLGDomRGRVPRGHORVGH3/65VHSDUDGRVSRUGLIHUHQWHVWH[WXUDV
,QIHULPRVTXHRVPRGHORV3/65WLYHUDPPHOKRUDFXUiFLDTXDQGRFRPSDUDGRVDRPRGHORGHUHJUHVVmR
OLQHDUVLPSOHV(VWDPHOKRUDVHGHYHDRIDWRGHRPpWRGRWUDEDOKDUFRPYDULiYHLVFRUUHODFLRQDGDVGLUHWDHLQGLUHWD-
PHQWHRXVHMDFDVRKDMDDOJXPHOHPHQWRTXHHVWHMDOLJDGRFRPFDUERQRHPJUDQGHSDUWHGDVYH]HVHVWHHOHPHQWR
WDPEpPWHPEDVWDQWHSHVRQRPRGHORGHFDOLEUDomR$OpPGLVVRRPpWRGRWUDWDFDGDSRQWRHVSHFWUDOSRUXPD
YDULiYHOLQGHSHQGHQWH'HVWHPRGRDVLQWHUIHUrQFLDVSRXFRGHVORFDGDVPHVPRTXHGHQWURGROLPLWHGHUHVROXomR
HVSHFWUDOVmRH[FOXtGDVQmRFRQWULEXLQGRSDUDRDMXVWHGRPRGHOR
4. Conclusões
$QDOLVDQGRRVYDORUHVGRVFRH¿FLHQWHVGHFRUUHODomRGH3HDUVRQ5H(0$5GRVPRGHORVGHFDOLEUDomR
HYDOLGDomRSRGHVHQRWDUTXHDGLYLVmRSRUWH[WXUDVVHPHOKDQWHVQRVIRUQHFHXPHOKRUHVDMXVWHVGRVPRGHORVMi
TXHDIRUPDomRGRSODVPDVREUHDVXSHUItFLHGDDPRVWUDHVWiLQWLPDPHQWHOLJDGDjVXDPDWUL])DWRUHVLQWUtQVHFRV
jWpFQLFDjPDWUL]DQDOLVDGDHjUHVROXomRGRHTXLSDPHQWRGHYHPVHUOHYDGRVHPFRQVLGHUDomRDRFRPSDUDUFRP
DGHWHUPLQDomRGHFDUERQRHPVRORXWLOL]DQGR&+1VHQGRSRVVtYHLVIDWRUHVJHUDGRUHVGRVGHVYLRVREVHUYDGRV
&RQFOXLVHDLQGDTXHRPpWRGR3/65DSUHVHQWRXPHOKRUDFXUiFLDHPUHODomRjUHJUHVVmROLQHDUVLPSOHV
SHORIDWRGHUHDOL]DUD WUDQVIRUPDomRHVHOHomRGDVYDULiYHLVGHSUHGLomR$VVLPVHQGRRVUHVXOWDGRVPRVWUDP
JUDQGHSRWHQFLDOGDWpFQLFDSDUDTXDQWL¿FDomRGHFDUERQREHPFRPRQRDX[tOLRSDUDREWHQomRGRVHVWRTXHVGH
FDUERQRHPVRORVWURSLFDLV
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